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© Stabilized microspheres and methoda of preparation. 

© Stabilized microspherical particles having hydrophobic liquid cores prepared as oiWn-water mtaoemulsions. 
The particles are stabilized by a surface layer comprising an amphiphillc compound and may be functlonalized 
to allow covalent coupling of a Ogand to the surface of the particle. When used as tracers in assays, a water 
insoluble dye may be incorporated in the core liquid of the microparticles. 
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FIELD OF THE INVENTION 



rrJ^.?* 9 *? ***** * 0 * WfHwrt9r methods for meUng .uch emuWons and 

™""ods tor using the m^ * "™«ons ana 

BACKGROUND OF THE INVENTION 

Emulsions are fluid systems comprising two immiscible liquid phases with one iiouid disoersed m 

S^T^li^ to as the continuous phase. MkmnwWons an emutoons in whfch the Apnad 

SrSlSl^ S^TJ^ *" emme Whethef "* "**°«»«*fon ia Ow**water <o/w>. ****** <wA» 
orjtf*n*ow. Meroemubwns are generally stable than emulator., with discontinue** phaeea 

fc*ar. That is. m mtooemulaone there a a reduced tendency (or the droplet* of the dopersed phase to 



so 



.K-fn^! , *-^ fe i WW,a " y made ' by » ub ' 8C,in 9 *• component Squid*. indudtog an emulsmer. to high 
^^'^ •» ."«*-*^ such a, vigcwua «^ or (orong the mixture thn**. 
small onfice. Alternatively, ultrasonic emutafication may be used to effect cavitation in the Squid* withMoh 
weal shear. As mlcroemuWonj provide a means tor maintaining, in stable aqueous solution, substances 
^Z^T^^T^ * ° qU8 ° <J ' phaS8 v»*y are of Interest as potent* drug deivery ^rtam, 
ilS*?**? 1 Surta ?' I*****"* «« the dispersed phase droplets have been found to to uaeMtor 
a^ngthe physicocnemical and biochemical properties of the colloidal droplets, including the Unedcs of 

, W<X l, C f^r r 1 l SS ^ WribU,,<X, • (K " tWBmot0 « * Pharmac^SctoW^ltr^ 
_ „"* 0,8 tefm Vtf8r " " reference to emulsions means a polar hydrophiOc (quid and la not 

fT !^ ltoriy - *" tenn ln to emulator* n^^^*Xh£ 

wh£ £ dZjT^T 6 ?^ ' mMOn '- ■ mlcroemutaton - - term. Zto^i^SSn 

■ J""^ P" 8 " «• v-ry small. -Mtoopartide-. -mtoo^.-. -pwld.-. 

. ^^LT^L ^ ,Tf J: 6 " 1 ' 40 *" dr0p,8t8 * 9,8 dfsp6fMd °« <he mlcroemul- 
nV^I. ~ emulsified m an aqueous phase. Tunctlonatoed- particles, mlcropartictes. 

nS n^tZ^ ^11?** °?" ""P"**" 6 c«nponerrt In the surface layer which include, a 
reactive group suitable tor covalentty coupling the mlcropartieie to a Ugand. 

nJ^T 1 " Pe< ^ y "> COanizes »"d blnda to a receptor molecule. The Bqand and Its receptor are 
. ^^ILZ!^ ^r^, BfMC ^ 01 * » D 9*>° «~« "e-Ptor can be u«d .n 

%ZZZ£2£2? °! » anal » te Is either a Ugand or receptor. UganaVTeceptor pairs Include, as 
^SoCrSa^S* ** a " tib0di83, °° mptem8n,a ^ ""^ adds, biotin «to avidWstreptevldln. 

^^J^Jl^"?^™ " "P 080 "** HP*"*. ««h method* have not heretofore been 
£n£? ^ZZt^ZZTj?* ^P*** ^ cores and amphtohifc rr^ndayr, on 
n^Z; ' Ty,tt,0d ^ P"* 1 "^ <* M*Y»r liposomes encapsulating en aqueous 

tor ^SJ^ST?^ ° Pr °!*\ a ^ C - Now - PS' »)• U S. Patent No. 5.100591 describes^odi 
^^^^P^" wNen Ineorporate an amphoteric, water-insoluble substance such as am- 
photericin B Into the membrane with the phospholipids. 

, J 1 * _2* B * ad mte, °P articte °* «* invention are useful in a wide variety of applications where a 
ST**?"* d93irabte - U P«^ have previously been u^r rr^o^C^ 

eft^incwporaltoo of water-msoluble compounds for use in cosmetics (e.g.. dyes and tragrances). food. 
£L£ r^L^ 88riCUnUre <e -«- - hert-Wde,)- Wator^nLubto dZ^al«be 

m^nTTr^^r^ 8,8 C8 P 8bte °« incorporating more of the drug than toe -ph*. 
macoswne, of the prior art. which can only encapsulate the wat8r4nsotobte drug m the ret*tvery small 
hy«^r^, wffhin me membrane bitayer rather ««. to toe retoUvefyTge aqueoTlSe.^a 
L ^ mm ^ 1M: Ha,nann - 8t * 1989 - 5tn "ntemat Cent Pham, Tech. I, 

.n^!^^^• ^. PW " C d,UBS ^ M "nphotorteln B or insectiddal/hert>lcidai fatty «*!* may be 
Incorporated as amphiphlles in the surface monolayer of the Imrentfve microsph^ f*fterapeu^and 
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Agricultural i _ _ 

At the surface charge of the present stabilzed rn l c rosp heres can be increased by ao?ustfng the type* 
end amounts of emphlphttlc drugs or amphiphtac Holds In the surface monolayer, they can be made to 
move with an electric potential while carrying pharrnaceutteaJ agents. They may therefore also be useful for 
deevery of drugs by Iontophoresis. 

SUMMARY OF THE INVENTION 

OiHn-water emulsions containing stabifized microspherical particles as the dispersed phase are pro- 
vided. The rnicropartides comprise a liquid hydrophobic core with a surface coating of an amphiphific 
compound. The rnicropartictes or droplets of the dispersed phase may optionally be functionaOzed by 
wcfosion of a reactive group on (he surface for coupling to antibody, antigen, hapten or eegonucleotide 
Bg^n^ Ugarrf^d^^ 

Bgand to its receptor and can replace other types of particulate reagents typically used in olagnostic 
i essays, e.g.. latex particles, metal sol particles, magnetic beads, colloidal particles or liposomes. If a water- 
irtsokibte dye is included in the core Squid, the microerruteions may also be used as tracers in the 
olagnostic assays to provide a reporter or detector function. The microspherical particles of the invention 
have the advantage of incorporating a higher concentration of dye than is possible using liposomes, as 
Gposomes encapsulate a large amount of aqueous medium in addition to the entrapped dye. They are also 
mors intensely colored than colored latex particles, thus Improving assay sensrttvity. 

The microspherical partfdes of the oiWn-water emulsions have stabilized, non-drying, Squid cores and 
win readily rehydrate to approximately their original size upon reconstitute from a dried state. This Is an 
Improvement when compared to many other particle types such as latex, which do not resuspend easily 
after drying. In addition, the mlcroparticles remain stable when stored at room temperature. When used as 
tracers, the microspheres win not leak the water-insoluble dye contained In the core into the surrounding 
aqueous medium. In contrast liposomes containing water-soluble dyes tend to hydrate sfowty and leak 
substantial amounts of dye upon reconstitute from a dried state. This difference In rehydration time is 
most fixer/ due to the fact that the droplets need only be hydrated at their surfaces to function in an 
aqueous environment whereas liposomes must be hydrated on their lipid bi layer surfaces as well as In their 
Interior to function in an aqueous environment after lyopWHzation. Rapid rehydration with minimal loss of 
signal are highly desirable characteristics for tracer reagents, particularly when they are used In Im- 
munocapillary or ImmurK^hromatooraphic diagnostic tests. 

DETAILED DESCRIPTION OF THE INVENTION 

The stabilized microspherical particles of the invention are prepared as oiWn-water (o/w) mlcroemul- 
sions using water-insoluble compounds and mixtures of amphiphiles. The amphiphiles coat the dispersed 
droplets of the water-insoluble compound and stabilize them in the aqueous phase. Dyes soluble in the 
water-msohjbie compound may optionally be included. In general, the rrUcroemulsfons may be prepared by 
any of the methods known in the art but certain modifications are preferred Because the amphiphiles are 
not soluble in the water-insoluble compound, a cosolvent is preferably initially included during the 
preparation of the emulsions. The cosolvent Is then removed at a later stage of the preparation process. 

The water-insoluble compounds which form the cores of the rr«crospherical particles are Squid at room 
temperature and preferably have a high capacity to dissolve water-insoluble dyes if the mooemulsions are 
to be used as tracers. Preferably, they withstand vaporization under conditions used for ryopNIizing 
aqueous solutions and have a density equal to or slightly higher than the density of the aqueous 
environment in which they win be emulsified. U., usually about 1.0 or slightly higher. Water-insoluble 
compounds having these Properties, when stabilized in a irucroemuision. behave like solid particles when 
the microemulsion is iyophiBzed. The preferred water-insoluble compound for use in preparing the inventive 
microemulsfons is potyoSmemykfipfwnyl siloxane. such as GE Silicone SF 1154 available from General 
Electric Co., Waterford. NY. This silicone fluid has a density of 1.05, tow viscosity and is non-volatile. Other 
sifioones may also be used In the invention, for example GE SF 1265. or Huts America (Piscataway. NJ) 
fhwrosillcones PS 181 and PS 182. When fluorosiOcones are used, a 1:1 mixture of DMF (tfmethvtfor- 
mamide) and ethanol Is required to bring the other components Into solution. 

The continuous phase of the mteroemulsions may be any aqueous compound suitable tor the desired 
application. Examples of aqueous continuous phase compounds Include water and various buffers as are 
known In the art 
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The amphiphiles used to prepare the mtaoemuisions stabiBza the rrferc*articJes to the aqueous 
anvironmart by preventing coalescence of {he oil droplets, forming * layer on the surface of the clspersed 
oil droplet This layer is befieved to be s monolayer, In contrast to the Mayer mernbranes formed In 
liposomes. This structure Is supported by experiment** analysis showing that the ratio of maMmJde on the 
s surface of the rTticroparticJes to the total amount of maieimide In the particle la 1:1 (see the Examples). In 
contrast. Bposomes give a ratio of 2*1 or higher depending on the size of the Iposome and the number of 
bilayer* ft contains. Preferably, a mixture of amphiphiles is used. Suitable amphiphiles include the Spids 
typically used in the preparation of Bposomes. Preferred amphiphiles are phospholipids such as 
phosphatidyl choline, phosphatidyl glycerol and phosphatidyl ethanotamine. Meat preferred are the dis- 
io tearoyt phospholipids, ckj., dtstearoyf phosphatidyl choline (DSPC), distaaroyl phosphatidyl glycerol (DSPG) 
and tistearoyl phosphatidyl etharnlamine (DSPE). DSPE may be denvatizad to include a maJeimidyl 
caproate moiety (DSPE-MC) to functional me rrUcroparticte for cooping to a Bgand The charge of the 
rnicropartides may be adjusted for a particular pharrnaceuticaJ or kxitophoresis application by increasing or 
decreasing the amount of DSPG or DSPE. or by treating the matevnide with MESA, 
is When the rrucropartides are to be fiinctionafized. it is preferred that the amphiphiBc component be s 
mixture of amphiphiles which includes at toast one amphiphOe which can be covsJentiy inked to the 
selected Bgand. The coupling amphiphile may be a derivatized phospholipid which carries a functional 
group suitable tor covalent coupling of the ligand directly to the surface of the micropartide. ejj.. a 
maieimidyl derivalive of the phospholipid or thiochotesteroL Covalent methods are suitable for coupfing 
ao antigen, antibody, hapten and oligonucleotide Bgands to the rnteropartlcle. the oligonucleotides preferably 
being finked through thlo groups to a maieimide function on the phospholipid. MaJeJmkJe fUfrttonaazad 
phospholipids may also be coupled to avldin. streptavidtn or btotin which are then noncoveJentfy bound to a 
blotin or avWin/streptavtdin-derrvatized ligand, resulting in indirect coupfing of the ftgand to the mtooparticJe. 
H.C. Loughrey. et aL 1990. J. Immunol. Mtds. 132. 25. Biotinylated protein or oligonucleotide Bgands may 
35 also be Indirectly coupled to the surface of the micropartide via an antf-bfotin antibody covalentiy coupled 
to the surface phospholipids. 

Alternatively, an amphiphBjc ligand may be included in the mixture of stabilizing amphiphiles which 
comprises the coating on the surface of the droplet For example, cardlolipin. a four-chain phosphofipid. Is s 
suitable amphiphile for preparation of the microemulsions and la also useful as an antigen ligand for syphilis 
30 serology testing. Microparticles which Indude cardlolipin on their surfaces can be used In agglutination 
immunoassays for detection of anti-syphilis antibodies. 

Chdesterol may be included with the amphiphiles but is generally not required as it is for Bposomes 
because the amphiphiles form a monolayer on the mlcrodroplet rather than a collection of bilayers as In 
Bposomes. As the function of cholesterol In liposome membranes Is to intercalate In and stabiBze the 
as Dposome bilayers, it is optional In the present Invention. Preferably, cholesterol is not Included when the 
microparticles are used aa tracers, as its presence may increase background staining and baseline levels of 
agglutination In certain solid phase immunoassays. It has also been found that Increased amounts of DSPG 
increase the surface charge of the pa/tides and prevent aggregation after antibody coupling, thereby 
reducing background and false positives when the micropartides contain a dye. Alternatively, treatment of 
40 the particles with MESA (2-rnercaptoelhariesulforic add) after coupling to the ligand also reduces back- 
ground and false positives. 

Water-insoluble dyes are optionally Incorporated into the droplets of the onv mtcroemutsion to prepare 
tracer compositions for detecting anaJytes in diagnostic assays. Detectable tracers and tracers comprising 
dyes are weU known in the art of specific binding assays, i.e.. assays which involve binding of a Bgand and 
45 its specific binding pair member. The water-insoluble compounds of the particle core are capable of 
dissolving the water-Insoluble dyes at high concentration, thereby improving the sensitivity of the diagnostic 
assay. Suitable water-insoluble dyes are those known in the art for IfKaxporation into tracers, ej^ 
encapsulation Into Bposomes or incorporated into latex particles. Different dyes may be incorporated into 
separate rnicroparticte preparations which may then be mixed for use in assays for multiple anafytes or 
so where muHisignal readouts are desired. A preferred dye for use in the invention is Sudan Black 8. 

When Sudan Black B (S8B) Is incorporated into the mk*ospherical particles, it is preferred that the dye 
first be purified. Purification and isolation of the major components of SBB are described by U. Pfuller. et aL 
1977. Histochemistry 54. 237 and U. Pfufler, et aL 1977. Verb. Anal Ges. 71. S 1439. Using preparative thin 
layer chromatography with chloroform as the mobile phase, the major fast moving (1^ more hyo^ophobic) 
55 component can be isolated. This component Is herein referred to as "Fast SBB." Fast SBB may also be 
Isolated by chromatography on a sMca column using cBchtoromethane^iexane 8&20 as the solvent or from 
TLC plates run In dlchlorornethane. OicWorornethane in general provides better separation of Fast SBB from 
Slow SBB than does chloroform. Sudan Black B commercially available from Eastman Kodak. Rochester, 
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NY Is supplied M 96% pure, but Fast S68 comprises about 17% of the total weight (assuming 100% yieid 
on purification). The uao of Faat SBB provides lor a mora stable particle. Incor p oration of NQher amounts of 
oVe^and a mora stable rnaftefmkle function than (a possible using unpurifled SB8. Purified Faat SBB wil not 
partition Into the aqueous phaae either during particle tormation or during rehydration of ryophOzed particles 
5 and ts therefore preferred for stability and Intensity of the signal. 

The purity of the Fast S8B preparation may be approximated after solubilization In ethanoi by the 
absorbance ratio at 700 and 600 nm (extinction coefficient 24000): 
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In one embodiment siBcone rrtfcroemuisions are made by dropwtae adcRtion of an ethanoi solution of 
Holds, silicone and dye (optional) into the aqueous phase while mixing on a vortex mixer. This method 
results in a gradual Increase In ethanoi concentration from 0% to a finite level, usually less than about 50%. 
The ratio of ethanoi to aqueous Is apparently not critical within this range. Particles are preferably produced 

20 by mbdng the ethanoi solution with the aqueous phase to achieve a final corK*ntration of emanol of about 
20-40%. Most preferably, the ethanoi solution arid the aqueous are mixed In a ratio of about 1:2, resulting in 
a final concentration of ethanoi of about 30%. However, the ethanoi concentration may be as high as about 
50% If It Is dried (e.g., using a 4A molecular sieve to remove IPA, benzene, water, etc.) and the Rptd 
concentration is reduced. After formation of the micropartlcles. the ethanoi ia preferably removed, e^. by 

25 ultrafiltration, column chromatography or dialysis. Removal of the ethanoi is not essential tor coupling the 
micropartictes to a ligand. but it is preferred. If the particles are to be coupled to a Sgand, they are 
preferably concentrated prior to coupfing. This method is rapid and simple for small-scale production of 
microspheres, but is not amenable to large scale production. 

A large-scale method for production of the microspheres uses pumps or syringes to bring the ethanoi 

M soM>on into contact with the aqueous phase, preferably with fluid streams coming together in a T 
connection. This method Is advantageous in that ft can be automated. For example, pumps running at 
different speeds or a Zymark Corp. MASTER LABORATORY STATION with syringes of appropriate size 
controlled by stepper motors to deliver the components at a selected ratio provide a system that is 
automated, scalable and allows control of the ratio of ethanoi to aqueous. This ensures consistent particle 

M formation **** Darticte cfistrfcution. Such an automated system also allows for formation of the particles 
at a fixed ratio of ethanoi solution to aqueous, which results In a fixed concentration of particles. Larger 
volumes of micropartlcles may be produced by running the pumps/syringes for longer time periods. 
Increasing the sizes of the syringes, etc. No deterioration was observed when 10 and 25 ml syringes were 
used In place of 3 ml syringes. The syringe system is preferred because it may provide the additional 

40 bonem °* increased shear force and mbdng generated by the expulsion of the two fluid streams through the 
narrow syringe opening. 

In both preparation methods, particles of defined size distribution less than 1 um and typically less than 
250 nm are formed without extrusion or sonication. as would be required tor formation of liposomes of 
defined size. The ratio of lipids to silicone, the <xnc*mrstion of lipids and silicone in the ethanoi and the 

46 ratto of or B inic volume (ethanoi solution) to aqueous volume determine the particle size of the rnJcroemu*- 
ston. These ratios are adjusted to obtain the desired particle size during the tormation of the mlcroemulalon 
as, In contrast to liposomes, the rricropartfdes cannot be resized after they have been made. Most 
preferably, the microemulsions have a particle size under 200 nm. 

The organic cosolverit Is a water miscibte organic solvent which performs the function of aolubilizing all 

w of the components. Examples include short chain alcohols such as ethanoi and dimethyffbrmamide (DMF). 
Individually, the components are either Insoluble In each other or insoluble in the organic cosorvent For 
example, 1) lipids are not soluble in silicone and 2) DSPQ and OSPE are not soluble In ethanoi However, 
as a combined system these components are soluble. The water-insoluble dye, If present. Is soluble In 
silicone or lipids. It has also been found that the silicone allows incorporation of as much as ten times the 
amount of dye which can be incorporated without silicone (mM dye/uM PI without silicone * OA with 
sifoone » 3.0). 

Preferably, when functionated microparticles are to be coupled to a figand they are typically first 
concentrated to about 100 nM maieimide per ml to increase the efficiency of coupling. The particles may 
be concentrated by dialysis, ryophifization and reconstitution or other suitable means known in the art If 
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^^^^^ b# coupled lo the Hgand using appropriate protocols as described above, 
mcftxsng forming acoveJent BnkaQe to a maJeimide function on an amphiphUe In the particle coating. Whan 
* 11 10 60 ****** reduced prior to coupling. This protein may be the Igand Itself (cflrect 

coupftng) or it may be avfcfin, blotin or antibody tor use In noncovalent coupftng of the Igand to the 
i rrtfcropartlcte. 

In a preferred embodiment for producing a reagent for immunoassay, an antibody Igand Is coupled to 
^J****! at pH 8 and remaining free antibody is removed by column chromatography. A SEPHAROS6 
FAST FLOW column (Pharmacia LKB Biotechnology. Inc., Piscataway, N J.) equilibrated in 30 mM MOPSO 
< 3 ^ Mof T^ noh2^oroxv^ acid). 10 mM EDTA. 100 mM glucose, and 0.2% Naffe. pH 

o 6Ab preferred. This buffer gives a good yield as a result of minimal sticking of partictee to the column. 
Sucrose may be substituted for glucose in the buffer without adversely affecting subsequent ryophilzation 
and reconstitution of the particles. Additives such as giyceroVDMSO should be avoided due to unsatisfac- 
tory performance in assays after lyophilization and reconstitute. Dextran and beta hydroxy propyl 

^ ^kxlextrm additives are optional and do not adversely affect performance of the particiee after tyophtfiza- 

T^micTopartictea m «ir be lyophilized for storage by freezing the microemuJsion and ryophiazing it The 
microemulsion may either be frozen slowly (e*.. at about -40°C in the ryophiizer) or more rapidly in liquid 
nitrogen (about -150°C). In one embodiment the frozen microemulsions are ryophifized such that warming 
from about -40"C to +25*0 occurs over a 4 to 12 hour period under vaccuum. The vials are then held at 
' IzLl^** *™ J y°^ iazat,on to complete. The lyophiUzed particles show Improved performance In 
«agnostlc assays when the vials are closed under vacuum in a low humidity environment after fyophtftza- 
tion. Conveniently, this can be done m the IvophiUzer. This procedure reduces the background when the 
microemulsions are used as tracers In specific binding assays, thereby improving assay sensrtMty and 
providing a cleaner system for evaluating and optimizing assay parameters. 

^J** Pf^ 8 are preferably tyophilized in the presence of at least 1% of a stabilizing protein to improve 
stoWBty of the functionaiized miaosphericaJ particles during storage or treatment at elevated temperatures. 
Pmferabry the stabilizing protein Is at least 1% BSA, more preferably 5% BSA (Pentex Fraction V BSA, 
Miles Laboratories, Kankakee, IL). but other proteins known in the art for this purpose are also suitable, e«g„ 
casein. Particle concentration and the ratio of particles to stabilizing protein affect the level of background 
seen in diagnostic tests using reconstituted microemulsions. it has been noted that too tftfle or too much 
BS * ( J 3% <* rnore ) Increase the background in the malaria test described in Example 3. The ratio of 
steWBzing protein to particles (quantified by the amount of P,) is preferably greater than 28 mg proteirvl 
UM P, and less than 200 mg/1 uM P,. 

The lyophiflzed microparticles stored In closed containers, may be rapidly reconstituted (I.e., resuspen- 
ded)ta i any suitable aqueous medium, for example water or a buffer. Suitable buffers include, for example. 
Mf^OAglucose. MOPSO/ghicose/BSA and borate buffers. The reconstituted particles are similar in size to 
particles which have not been lyophilized. An appropriate dilution of particles for a desired application can . 
be obtained by adjusting the amount of aqueous medium added to reconstitute the particles. Samples in 
vials which have been closed under vacuum In a low humidity environment after lyophilization reconstitute 
especially quickly. 

Microparticles which include Hgsnds according to the invention are useful in a wide variety of assays 
taxrwn in the art which utilize specific binding between a ligand and its receptor fc< detection of an analyte. 
fJzLf^L 1 "^ lmmunoas8ay8 nuc ^° Hybridization assays which can be performed in 
aeveca^ffarent formats, as Is known in the art Certain of these assays include a tracer which becomes 
associated with the complex formed by binding of the f igand to its receptorand thereby facilitates detection 
of ^complex Detection of the complex is an indication of the presence, absence or quantity of the 
a ^\^f n « ***** *>™* Coriventional tracers comprise a Ggand (an antibody, antigen or 

o4igomicteotide) coupled to a detectable label such as a dye. a fluorescent compound a radkxsotoceor an 
eruyme which can be reacted witt a substrate to produce a color* 

amtiBstcorr»priw associated with the surface such that it is 

capable of binding to a receptor, and a dye included in the hydrophobic liquid core. While the tracer 
m, °!!? he f! S 68 sutotituted to conventional tracers in essentially any of the known immunoassay or 
nucleic acid hybridization assay formats, solid phase immunoassays are preferred because separation of 
reagents is faster and simpler than in other assay formats. A preferred solid phase assay device Is an 
jmmunocaplllan/ or Immuriochromatoojephic assay device, as the Intensity of the dye color, the reduced 
background and fewer false positives associated with the microsphere tracers provide particular advan- 
tages In these types of assays. 
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Immunocjpfitary or ImfrtunorjhromatDgracrtc immunoassay devices comprise a microporous absorbent 
mtt8rW «ch a s nitrocefcrioso, nylon, methyl acetate, methyl cellulose or glass Sber. AJtornetfveJy porous 
materlais which are not substantial absorbent such as certain ceramics, may be used In such devices 
employing a vaccuum to draw reagents and sample Into the material. To perform an awnunoassay using 

5 8uch * device, a portion of the mteroporous absorbent material is contacted with a fluid sample such that 
the sample Is drawn up Into the device by capillarity (wteWng), thus bringing the sample Into contact with a 
capture reagent immobilized on the rricroporous absorbent at a position removed from the point of contact 
with the sample. The immobilized capture reagent is generally an antibody or antigen which serves to 
capture an antigen or antibody an&tyte in the sample by binding to it In a competitive assay format the 

to figand and the analyte are generally the same molecule or analogues which bind the same receptor For a 
competitive assay the tracer and the sample are wicked up into the micropores absorbent simuHaneously 
and compete for binding to the capture reagent m a sandwich assay format the anatyte Is generefly a 
receptor lor the Bgand The analyte is captured first and the tracer is wicked up into the microporous 
absorbent into contact with the captured analyte. binding to ft as an indication of the presence of the 

rs analyte. 

In one embodiment of an immunocaptilary assay device employing the functtonafiaed miexoperticie 
tracers of the invention, ami-malaria antibodies are coupled to the rticropartictes lor detection of malaria 
antigen (the analyte) in a sandwich assay. An exemplary assay device is an immunocapiBary dipstick having 
an anti-malaria capture antibody immobilized above the base of the stick. The end of the dipstick below the 

ao Hne of capture antibody is brought Into contact with the sample to be tested and the sample fluid is drawn 
by capillarity into contact with the capture antibody. After binding of any analyte which may be present In 
the sample to the capture antibody, a composition comprising the nAicropartide tracer is drawn into contact 
with the captured malaria antigen. If present Development of a detectable, preferably visible, line of dye In 
the region of the capture antibody is an indication of the presence of malaria antigen In the sample. 

w In a second embodiment the functional^ microspheres! particles (with or without incorporated dye) 
may be used In serological agglutination assays similar to the VDRL test for syphilis, m these assays, an 
antigen associated with disease may be covaientfy coupled to the surface of the rnlcroparticiea or Included 
In the amphiphittc monolayer coating on the surface. Mixing the functionated rnlcroparticiea with the serum 
of a patient which contains antibodies to the disease associated antigen results In cross-finking of the 

oo micropartfcles by antibody and visible particle aggregation. Alternatively, antibody may be coupied to the 
microparticles and used to detect an antigen present in serum by agglutination of the miooparticJes. 

The following experimental examples are presented to illustrate certain specific embodiments of the 
Invention but are not to be construed as Bmiting the Invention as defined by the appended claims. 

M EXAMPLE 1 

PREPARATION OF SIUCONE MICROEMULSIONS 

A mixture of 47 mg of distearoyi phosphatidyl choline (DSPC, Avanti Polar Lipids. Peiham, AL), 10.3 
40 m 9' distearoyi phosphatidyl glycerol (DSPG. Avanti Polar Lipids). 1.87 mg distearoyi phosphatidyl 
ethanolamine-maleimidyl caproate (OSPE-MC). 59 mg Fast Sudan Black B (Aldrich Chemical Co.. MOwau- 
kee - W * Eastman Kodak. Rochester. NY), 236 ill poiydiphenyidimethyi stkwane <GE Silicone SF 1164. 
General Electric Co. Waterford. NY) and 837 ml 200 proof ethanol (dried with a 4A molecular sieve and 
filtered with a Mitfipore GV syringe filter - Quantum Chemical Corp. USJ Division; Tuscoia. IL) was heated at 
48 55°C for 1 hour. The ethanol sokjtton (1 part) was then mixed with water (3 parts) using a Zymark Corp. 
master laboratory station with 10 and 25 ml syringes controlled by stepper motors. The fluid streams were 
mixed in a "Y* connection, resulting In instantaneous particle formation. After formation of the rrucroemul- 
sions, ethanol was removed by dialysis against 10 mM EOTA and the microemulsions were concentrated 
by dialysis against a dessicant The size of the particles, as determined by analysis with a Coulter Corp. 
so (Hialeah. F1.) model N4 MO sub-micron particle analyzer, was about 187 nm by unfmodaJ analysis. The 
phosphorous concentration was determined to be 3.4 uM Pi/ml. end the maieimide was determined to be 
98.8 nM MC/ml. 
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EXAMPLE 2 

COUPUNQ OF fcOCROP ARTICLES TO ANTIBODY 

5 ly^J!^^** J n,Und to Exampto 1 **• coufM to rabbit «*-recombinant HBP H anflbody. 

•*^J^lf™^ AnWIRP n antibody was cfiaiyzed into phosphate buffered ufin. (PBS), pH 8, 
a cotton <rf i47mg/ml a. detained by at 280 nm with an exSncton 

"T tSeM of 1.3S. Six mg * antibody was derivatized with SPOP <3-(2-pyridyldithio propionic acid N- 

u. ^Z^ 1 ^ 0 ttl) - 1 M * 0dium <* 4JS <^«*0waa then added and followed by 88 ul oil 

l^Tl^jr^ ^ afina,0TT «"**»*» ofamMTbe^uSonw-rtLa^ 
^ !? ^ W ° al 30 m,n " 0160 a » Bed to » SEPHAOEX 3-2S column (Pharmacia LKB 
,. ^T^HV 9 *'^ '.f r9m0ve OTT and place the derivatued antibody into pH 8 cooping buffer (50 
« J? 8 Baae. 60 mM sodium acetate. SO mM sodium chloride and 1 mM EDTA). 

mi «ZTliSn^ ,, '^ ,UW " ol «*body was de«erminod by «b*ort>ance «t 280 nm. The enlibody prapwation wu 
mixed w* Jhemjcroeniulsion. which had been brought to pH 8 with Tri. immediately before use! at a re*, 
otlmg antibody per 100 nM maieimide. The mixture was incubated tor 2 hours. The functionated 
20 ^ZZ^Z \^, 9epa ^^ m " ntib ° dy °° 1 SEPHAfi0SE FA ST Fl-OW column (Pharmacia LXB 

^^•JS^ to 2!l ,n wo. M M0PS0> 10 mM E0TA - 100 mM S-ucose. and 0.2% sodium 
eada, pH 8.8. Miles Pentex Fraction V BSA was added to give a final wA< concentration of 1%. 

EXAMPLE 3 

JS IMMUNOASSAY USING TRACER MICROSPHERES 

, m ^Tf^ ** My deVfC8S ** <tetectin 0 matota """Ben were prepared as follows. A 2.8 cm X 15 
mL^L^l!!^ 00 ^""f 0S * (Schtetehef was laminated onto plastic. A 

£Lr£2L2££ * 's^L? 1 T *° h y b *tom«- which produce th. ano-18n^«body have 

iX^^^,^™"^" TyPa CuHure Co " ec » ion ( Rockv " te - Md.) under Accesaton Number. HB 
1^1*2 S !u ^xa^I"^*"* ^ lncubated at 45-C tor 15 mln . and blocked with a 

^^^mM EDTA. s% beta lactose. 0.2% NaN,. 0.2% 2WITTERGEN 3-10 (Cdblochem, LaJnfla. Ca.> 

ntl,^ °JT? ** m " k) - ™ 6l0Ck8d *«P» were placed at 45-Covemight ThTprepar J 
r^in^^ ' 7 £ X 15 Cm * WP * bminated — overlapped with a 4.7 crnTlS 

cm piece of glass fiber (Oelman Science,. Ann Arbor. Ml) to assist In drawing fluids Into the nitrocellulose. 
The strips were cut Into 7 mm wide test sticks and stored dessicated. 
« (N^T^L'^'J"' <a» ««cka wera placed to a test tube with 40 ul of normal human serum 

peptide comprising the following amino acid sequence. SEQ ID NO;1: 

^ Cys-Gly-Ala-His-His-Ala-His-His-Ala-Ala-Asp- 
Ala-Hie-His-Ala-Ala-Asp-Ala. 

so 1% ^T^T^u^i^ " k^*** 1 «™1 2 was diluted 13 with MOPSO buffer containing 

Into mf^J^a»^ I ^!! C<,r ^ ^ to me tube aftar tr» sorum sample had been wicked up 
ttrto^ tart sbclc Alter allowing the tracer to be drawn into the test stick. 40 ul of s wash solution (pH 7^ 
boratebutfo, with 0.2% ZW1TTERQEN 3-10, wa, added and abo altowed to wick up. ^7d^r3 color" 
^! r - Cmm flne visua "y <lotermined and assigned a subjective number based on 

ss tol!^^'^!! 0 ' d0teCti00 * ^ 3i9nal ^ ,ypically * anU ° en di,u,lons o' about 1 X 10"'. 
w indicatino a Mgtily sensitive assay. 

rrJ^t U T aa W 5ummari2ad * *» to,towin 0 Tabte. Preparation A (the mlcropanicle tracer) is 
compared to a Hposome tracer encapsulating suifomodamfne B (Lot 002). 
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a „J^^? *™onstn*B that the assay using the mkscpartJdo tracers dstscts a cfnicafy rsMvant 
amount of malana antgan and Is cc^parabte in perfc<mar« 

EXAMPLE 4 

LY0PHIU2ATI0N AND RECONSTITUTION OF MICROPARTICLES 

vw wan new at 25«C until the run was complete, a minimum ol approximatory 18 hours. The vtai. w»™ 
room sir. The stoppered via), were stored for 1 1 days at 45°C ™" 
was T ^^ 5 !!f!^!„T'! n ^!^ 0nS - W8S removed ■»* « «*«"• <* "°»>SO buftor/1% BSA 
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. EXAMPLE 5 

CAROIOUPIN MICROSPHERES 

Phosphatidyl choline (10 mg. either OSPQ, Avarra Polar Lioids or L-alnh. mh^n «_ 
Chemical Co.) was mixed with 1 mg OSPG, 40 u SF TLl»L^rtJ££« l^l.J^* 
« mgAn, In ethanol) and 1.5 rrZhanoTosw ifop ^^^^^t"^-- 
dropwlae throuoh a <*man 4450 0.2 uXl Z^a^H T.ZnL^ 

EO^^rrtQM to^nove ethanoL ^^^^ ' Anootes. Ca. . 12-14000 MW cutoff) against 10 mM 

O^Z^^t ^T a ° en (DHt0 Labo^torie^ Detroit. MO contain. 0.03% canJWipb, 
tecHnln and cholesterol In ethanol. This ethanol solution was added to termalH^^T^H 

Phsophate buffer, pH 6.9 containing 02% merthtolate, 40% choOne chloride »^01M FnTA Thi« 

test sera ror reacttvtty against cardkXJptn as an indicator ol exposure to syphilis. 

One drop of the mlcroemulslon or USR reagent delivered through an 18 aauoe needle «u . 
Otes. sfid. containing 60 ul of saflr», aerurn or s*«n diluted ln*X ^J£ZTZ^«fJ%£ 

visible agglutination was determined to be the titer. Representative data is shown in «7u«*£ tebteT^ 
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These results show that using antiserum of known reactivity. In most cases the carOolpin 
io pf«Pa«tlont exhibit reactivity similar to the atandard, commercially available syphilis aerology I 



SEQUENCE LISTING 



<1> GENERAL INFORMATION: 

(i) APPLICANT: BECTON, DICKINSON AND COMPANY 

(A) NAXZ: Bee ton. Dickinson and Company 

(B) STREET: One Bee ton Drive 

(C) CITY: Franklin Lakes 
<D) STATE: NEW JERSEY 
(E> COUNTRY: US 

(F) ZIP: 07417- I860 

(ii) TITLE OF INVENTION: Stabilized Microspheres and 
Methods of Preparation 

(iii) NUMBER OF SEQUENCES: 1 



(iv) COMPUTER READABLE FORM: 

<A) MEDIUM TYPE: Floppy disk 
(B) COMPUTER: IBM PC compatible 
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(C) OPERATING SYSTEM: PC-DOS /MS- DOS 

(D) SOFTWARE: Patentln Release 11.0". Version #1.25 

5 

(v ) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
W (B) FILING DATE: 

(C) CLASSIFICATION: 

i 

« (2) INFORMATION FOR SEQ ID NO:l: . 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 18 amino acids 

. (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

<ii> MOLECULE TYPE: peptide 

oo 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : 

» Cys Gly Ala His His Ala His His Ala Ala Asp Ala His His Ala Ala 

15 10 15 

40 Asp Ala 



49 Claims 

1. A composition comprising mioosphefteaJ particles, the particles comprising: 

a) a hydrophobic liquid core, and; 

b) an amphiphigc compound covatentfy linked to a ligand, the amphtphUic compound forming a layer 
so on the surface of the particles such that the 6gand is capable of binding to a receptor for the Bgand. 

t 

2. The composition of Claim 1 wherein the core further comprises a water-insoluble dye. 

a A method for detecting a receptor for a Hgand comprising: 
55 a) capturing the receptor by binding to a first Ugand tor the receptor; 

b) contacting the bound receptor with a tracer composition comprising micrcspherical particles, the 
particles comprising a Squid silicone core, and a layer on the surface of the core comprising an 
ampftiphJDc compound covatentty linked to a second flgand for the receptor such that the second 
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Bgand is capable of binding to the receptor; 

c) binding the particles to the bound receptor through binding of the second figand, end; 

d) detecting the receptor by means of s water-insoluble dye contained in the core of the bound 
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4. The method of Claim 3 wherein the bound receptor binds to particles comprising: 

a) a core selected from the group consisting of poiydimethyW phenyl sUoxanes and ffcoroeificones. 
and; 

b) a teyer comprising phoephofipids selected from the group consisting of phosphatidyl chofine. 
10 prtosphatWyt glycerol, phosphatidyl ethanolamine and distearoyl derivatives thereof. 

8. A method for detecting a first figand comprising: 

a) combining a sample s us pe ct ed of containing the first figand with a tracer composition comprising 
miaospberical particles, the particles comprising a liquid silicone core and a layer on the surface of 

15 tne core comprising an amphlphflfc compound covaiently finked to a second figand which competes 

with the first figand tor binding to a receptor for the figand; 

b) allowing the combined first figand and second figand to compete for binding to the receptor, and; 

c) detecting the bound second Bgand by means of a water-insoluble dye contained to the core of the 
particles, thereby detecting the first figand in the sample. 

so 

e. The method of Claim 5 wherein the sample Is combined with a tracer composition comprising particles 
comprising: 

a) a silicone selected from the group consisting of pc>ryrjlmethytoiphenyl sJtoxanee and 
fluorosiilcones, and; 

b. a layer comprising phospholipids selected from the group consisting of phosphatidyl chofine 
phosphatidyl glycerol, phosphatidyl ethanolamine and distearoyl derivatives thereof. 

7. A method of making mlcrosphericai particles comprising: 

a) preparing a solution comprising a water miscible organic solvent, a Bquld silicone compound and 
an amphiphlOc compound having a functional group for covalent coupfing to a figand; 

b) combining the solvent solution with an aqueous medium to form an oiMn-water microemulalon 
having as the dispersed phase mlcrosphericai particles comprising a fiquid core, the core comprising 
the silicone compound, and a layer on the surface of the core comprising the amphiphific 
compound; 

c) covaientfy coupling the ligand to the amphiphiiic compound, and; 

d) Isolating mlcrosphericaJ particles coupled to the ligand. 

8. The method of Claim 7 wherein a solvent solution comprising a water-insoluble dye is combined with 
the aqueous medium 

9. A method of making functionalized microspherical particles comprising: 

a) preparing a solution comprising a water miscible organic solvent, a liquid silicone compound and 
an amphiphiiic figand. and; 

b) combining the solvent solution with an aqueous medium to form an oihn-water miaoemulston 
having as the dispersed phase microspherical particles comprising a liquid silicone core and a layer 
on the surface of the core comprising the amphiphiBc Bgand. 

10. The method of Claim 8 wherein a solvent solution comprising a water-insoluble dye is combined with 
the aqueous medium. 
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